Introduction
============

As one of the most common causes of serious abdominal pain in the emergency department, urinary calculi affects \~5%--10% of the whole populations in the world.[@b1-dddt-10-1257] The lifetime risk is \~10%--15% in the developed world and would be higher to 20%--25% in the Middle East.[@b2-dddt-10-1257] Moreover, it is also a disease with high recurrence rates of 25%--50% during 5--10 years and 75% during 20 years of follow-up.[@b2-dddt-10-1257],[@b3-dddt-10-1257] Among these cases, 20% of them were ureteral calculi, which was estimated to result in \>1 million emergency department visits per year in the USA.[@b4-dddt-10-1257]

With decreased invasion and cost, open and laparoscopic surgery, ureteroscopy, percutaneous nephrolithotomy, extracorporeal shock wave lithotripsy (ESWL), and medical expulsive therapy (MET) were subsequently developed to treat ureteral calculi. Based on specific characters, such as the location/size of calculi and the demand of patients, the treatments were gradually or jointly adopted. In the last decade, many studies have focused on the ability of MET to facilitate distal ureteral calculi (DUC) and confirmed its efficacy and safety either with ESWL or without ESWL compared with control.[@b5-dddt-10-1257],[@b6-dddt-10-1257] Although MET could not achieve calculi-free rate as high as ureteroscopy, the administrated drugs in MET would significantly reduce the medical cost and prevent an unnecessary invasive procedure.[@b7-dddt-10-1257] Besides, previous MET would not have any negative influence on the further minimally invasive surgery, and hence more and more attentions were gained in recent years.[@b8-dddt-10-1257]

Obviously, both alpha-receptor blocker and calcium-channel blocker had pharmacological effects of smooth muscle relaxation in ureteral tract. Among the drugs administrated in MET, tamsulosin and nifedipine were recommended by the European Association of Urology Guidelines and currently are the most common drugs adopted in clinical practice and research.[@b9-dddt-10-1257],[@b10-dddt-10-1257] In order to clarify the difference between the two drugs, a series of randomized controlled trials (RCTs) were designed to compare the therapeutic efficacy and safety. However, the choice for a urological surgeon seemed to be still confusing due to the inconsistent results and uncertain conclusions.[@b11-dddt-10-1257]--[@b22-dddt-10-1257] Therefore, we conducted a meta-analysis to systematically evaluate the comparative effects and safety between tamsulosin and nifedipine for DUC in MET.

Methods
=======

Literature search
-----------------

A comprehensive search was performed to identify all RCTs that compared the efficacy and safety of tamsulosin with nifedipine in MET for DUC. Online databases, including PubMed, EMBASE, the Cochrane Library, Clinical Register Centers, and Chinese Academic Databases, were searched up till October 2015 without language limitation. Search terms used in PubMed were as follows: (tamsulosin OR terazosin OR doxazosin OR cardura OR hytrin OR urimax OR flomaxtra OR flomax OR alfuzosin OR naftopidil OR silodosin OR alpha-blocker OR α-blocker OR alpha blocker) AND (nifidipine OR ecodipine OR oxcord OR procardia OR nifelat OR corinfer OR calcium channel blocker) AND (calculi OR stone). Related articles and citations of the search results were complementally screened. Google Scholar and Baidu Scholar were searched using subject headings for the last published articles.

Inclusion and exclusion criteria
--------------------------------

After removing duplication, two researchers (LB Wang and GL Huang) independently reviewed the literature search results for eligibility by reading the abstracts. Preliminary inclusion criteria were based on the study design, participants, comparison, and outcome measures. 1) Only prospective RCTs were included. 2) Participants were patients with DUC diagnosed by ultrasonographically and/or radiologically visible stones below the common iliac vessels. 3) Tamsulosin was administrated in the treatment group, while nifedipine was administrated in the control group. The daily dose of tamsulosin was 0.4 mg or 0.2 mg, and the dose of nifedipine was 30 mg or 20 mg; besides, patients in both groups were encouraged to take plenty of fluids. 4) Outcome measures were expulsion rate, expulsion time, and complications. Reviews, animal studies, case series, retrospective comparative studies, and studies that did not adopt MET were excluded. After a preliminary review of the abstracts, final inclusion of a potential RCT was confirmed by a further full-text evaluation.

Data extraction and methodological quality assessment
-----------------------------------------------------

After inclusion, another two reviewers (GZL and JWW) separately extracted the information, including study characteristics, data of outcome measures, and methodological items, from each article. 1) Study characteristics were first author, publication year, cases in each group, sex and average age of patients, interventions, stone size, follow-up, and other specific treatments and requirements. 2) Outcome measures included expulsion rate, expulsion time, and complications. 3) Methodological items were randomization, allocation concealment, blinding of participant and outcome assessment, incomplete outcome data, selective reporting result, and other potential biases.[@b23-dddt-10-1257] All the aforementioned information was cross-checked, and any disagreement was solved through discussion.

Statistical analysis
--------------------

Review Manager (RevMan 5.3; Cochrane Collaboration, Copenhagen, Denmark) was used to analyze the pooled data. The overall effect of dichotomous data was presented by risk ratios (RRs), and continuous variables were presented by standard mean difference. Their respective 95% confidence intervals (CIs) were provided to show the probable size of interval. Significant difference was considered when a *P*-value was \<0.05. Subgroup analysis was performed to identify the important clinically related items, and the statistical heterogeneity across studies was tested by chi-square statistic and presented by the *I*^2^-value. A homogeneity was considered when *I*^2^\<50%, and in this case, a fixed-effects model was adopted. Otherwise, a heterogeneity was considered, and a random-effects model was adopted to provide a relatively conservative estimate; meanwhile, sensitivity analysis was performed to investigate the source of heterogeneity and the consistency of the result. An inverted funnel plot was used to assess the risk of publication bias.

This meta-analysis was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses.[@b24-dddt-10-1257]

Results
=======

Study characteristics and methodological quality
------------------------------------------------

Finally, a total of 12 RCTs were selected from the primary 273 abstracts in the meta-analysis ([Figure 1](#f1-dddt-10-1257){ref-type="fig"}). The meta-analysis consisted of 4,961 patients with DUC, of whom 2,489 cases were in the tamsulosin group and 2,472 cases were in the nifedipine group. The basic characteristics of the included RCTs are listed in [Table 1](#t1-dddt-10-1257){ref-type="table"}. The average age ranged from 30.7 to 47.9 years. The location of calculi was distal urinary tract in most studies; besides, two studies enrolled patients with both lower and upper urinary tract calculi.[@b15-dddt-10-1257],[@b21-dddt-10-1257] Ten RCTs only administrated MET with tamsulosin and nifedipine, and two studies administrated MET combined with ESWL.[@b14-dddt-10-1257],[@b15-dddt-10-1257] The average size of calculi was also presented, and although the average size ranged from 4.7 mm to 10 mm, there were no significant differences between the groups as stated in each study. The dose of tamsulosin was 0.4 mg/d, except for one study, which adopted a dose of 0.2 mg/d,[@b14-dddt-10-1257] and the dose of nifedipine was 30 mg/d except for three studies, which adopted a dose of 20 mg/d.[@b15-dddt-10-1257],[@b17-dddt-10-1257],[@b18-dddt-10-1257] In both groups, patients orally took the drugs with a maximum duration of 28 days until the expulsion of calculi with sufficient fluid (≥2 L/d) intake.

The result of methodological quality assessment is shown in [Figure 2](#f2-dddt-10-1257){ref-type="fig"}. The overall quality was good, except one trial, which did not adopt blinding,[@b16-dddt-10-1257] and nine trials, which did not report allocation concealment.[@b11-dddt-10-1257]--[@b14-dddt-10-1257],[@b17-dddt-10-1257]--[@b20-dddt-10-1257],[@b22-dddt-10-1257]

Expulsion rate
--------------

All trials reported the data of expulsion rate after treatment. There was a heterogeneity across the trials (*I*^2^=82%), and the results of the meta-analysis in a random-effects model showed that tamsulosin achieved a higher success rate than nifedipine (90.2% vs 72.8%, RR =1.21, 95% CI \[1.09, 1.34\], *P*=0.0002). Sensitivity analysis showed that the heterogeneity was significantly decreased (*I*^2^=29%) after omitting one trial, 21 and the meta-analysis in a fixed-effects model demonstrated the superiority of tamsulosin to nifedipine in the aspect of expulsion rate (92.9% vs 71.4%, RR =1.29, 95% CI \[1.25, 1.33\], *P*\<0.0001), as shown in [Figure 3](#f3-dddt-10-1257){ref-type="fig"}.

Expulsion time
--------------

Six trials reported the data of expulsion time.[@b13-dddt-10-1257],[@b15-dddt-10-1257],[@b17-dddt-10-1257],[@b18-dddt-10-1257],[@b20-dddt-10-1257],[@b21-dddt-10-1257] There was a heterogeneity across the trials (*I*^2^=74%), and the results of meta-analysis in a random-effects model indicated that tamsulosin also led to a shorter expulsion time than nifedipine (standard mean difference =−0.39, 95% CI \[−0.72, −0.05\], *P*=0.02). Sensitivity analysis showed that the heterogeneity could not be eliminated by omitting one or more of the trials, prompting that some kinds of characteristics might influence the expulsion time ([Figure 4](#f4-dddt-10-1257){ref-type="fig"}).

Complications
-------------

Seven trials presented the incidence of complications related to treatment.[@b12-dddt-10-1257],[@b15-dddt-10-1257],[@b17-dddt-10-1257]--[@b21-dddt-10-1257] Without a statistical heterogeneity (*I*^2^=0%), the meta-analysis in a fixed-effects model showed that tamsulosin was associated with fewer complications than nifedipine (RR =0.45, 95% CI \[0.28, 0.72\], *P*=0.0008). In order to investigate the detailed difference, subgroup analyses according to two classifications were performed. 1) Subgroup analysis according to severity revealed that compared with nifedipine, tamsulosin induced a lower incidence of both mild (*I*^2^=33%, RR =0.48, 95% CI \[0.28, 0.84\], *P*=0.009) and moderate-to-severe complications (*I*^2^=0%, RR =0.39, 95% CI \[0.17, 0.93\], *P*=0.03, as shown in [Figure 5](#f5-dddt-10-1257){ref-type="fig"}. 2) With decreased statistical test power, subgroup analysis according to specific diagnosis demonstrated a lesser incidence of diarrhea with tamsulosin than with nifedipine (RR =0.08, 95% CI \[0.02, 0.42\], *P*=0.003), while no significant differences in dizziness, gastric upset, hypotension, emergency hospitalization, headache, fatigue, and steinstrasse were found, as shown in [Table 2](#t2-dddt-10-1257){ref-type="table"}.

Publication bias
----------------

The shapes of inverted funnel plots indicated low risks of publication bias in the outcomes of expulsion rate ([Figure 6](#f6-dddt-10-1257){ref-type="fig"}) and complications.

Discussion
==========

As reported, \~70% of ureteral calculi were located in the lower third part of the urinary tract, called lower ureteral stone or DUC.[@b22-dddt-10-1257] Actually, nearly all DUC would be expelled spontaneously when \<4 mm, and a DUC had a possible spontaneous expulsion rate of 25%--60% when its size was between 4 mm and 7 mm.[@b25-dddt-10-1257],[@b26-dddt-10-1257] Based on these findings, many efforts were made to find effective approaches to enhance the spontaneous expulsion. After a high volume of fluid intake, both the hydrostatic pressure and the volume of urine were significantly increased, while clinical evidence defined the potential effect of simply fluid intake on expulsion rate.[@b27-dddt-10-1257] For further understanding of local inflammatory reactions in ureteral obstruction, administration of nonsteroidal anti-inflammatory drugs was attempted to decrease ureteral contractions, although no significant difference was achieved.[@b28-dddt-10-1257] Since the first report by Borghi et al showing an increasing rate of spontaneous stone expulsion through MET,[@b29-dddt-10-1257],[@b30-dddt-10-1257] various agents have been studied. So far, alpha-receptor blocker and calcium-channel blocker were the most promising agents for DUC in MET, and as the typical drugs, the comparative efficacy of tamsulosin and nifedipine was systematically evaluated in order to provide evidence for clinical choice and decision.

In this critical meta-analysis, 12 RCTs consisting of 4,961 patients were pooled analyzed. The results demonstrated that tamsulosin significantly increased the expulsion rate (RR =1.29) of DUC by \<10 mm when compared with nifedipine. The inverted funnel plot showed that the result was stable and reliable. To determine the expulsion of calculi, patients were advised to take plenty of fluid and filter their urine and were checked by at least physical examination, plain abdominal X-rays, or abdominal ultrasonography weekly or biweekly. A recent multicenter RCT conducted in the UK[@b22-dddt-10-1257] stated that there was no significant difference between tamsulosin and nifedipine and both of the two drugs were not effective at decreasing the need of treatment in 4 weeks. However, the conclusion should be considered carefully because of the location and size of calculi, which were very most important factors used to predict the prognosis in the clinic. First, the study randomized 1,167 participants including not only DUC but also middle and upper ureteral calculi. Although, the application of MET is gradually expanded to some kinds of indications when combined with ESWL for not only treating but also preventing calculi,[@b14-dddt-10-1257],[@b15-dddt-10-1257],[@b31-dddt-10-1257] a single effect of MET may be very limited, especially when applied to a location other than lower ureter.[@b30-dddt-10-1257] Second, the study included patients aged 18--65 years, and 75% of them suffered with stone \<5 mm. Previous studies had already noticed this phenomenon that this size of stone would affect the evaluation of MET due to the bias of high incidence of spontaneous expulsion.[@b32-dddt-10-1257],[@b33-dddt-10-1257] Sensitivity analysis also revealed that the heterogeneity was mainly coming from the different stone sizes that all the trials had reported where patients had ureteral calculi \>5 mm, except for Pickard et al.[@b21-dddt-10-1257]

Besides, the optimal doses of tamsulosin and nifedipine were still unclear. Only one study compared 0.4 mg and 0.2 mg tamsulosin[@b34-dddt-10-1257] and found no significant difference and supposed that both of them were sufficient to lower ureteral peristalsis. In fact, the investigation of dose of nifedipine seemed to be more practical that it was relatively contraindicated because of an increased risk in relation to myocardial infarction, cancer, and gastrointestinal hemorrhage in the elderly.[@b35-dddt-10-1257],[@b36-dddt-10-1257] Unfortunately, no relevant studies were found that directly compared the doses of 20 mg and 30 mg for nifedipine in MET. Regarding safety, the meta-analysis showed that tamsulosin had a total complication incidence of 0.8% and nifedipine had 1.8%. Although both were very rare, tamsulosin still successfully reduced the incidence of both mild and moderate-to-severe complications when compared with nifedipine. The urgent complications of nifedipine mainly included emergency hospitalization of pain and hypotension.

Tamsulosin also achieved a faster expulsion time than nifedipine, and this may induce a reduction in both mean pain episode and analgesic requirement. However, Pickard et al[@b21-dddt-10-1257] reported the data and showed no significant difference as the number of days taken for pain medication was 11.6±8.7 days with tamsulosin and 10.7±9 days with nifedipine (*P*=0.50); Balci et al[@b20-dddt-10-1257] and Ye et al[@b16-dddt-10-1257] reported that the average analgesic consumption of tamsulosin and nifedipine was 544 mg vs 602 mg (*P*=0.98) and 52.35 mg vs 109.33 mg (*P*\<0.01), respectively. These biases might be caused by the different tolerance rates of pain and the severity of obstruction among the patients.

To explain the distinct difference between the two drugs, basic studies have provided us with some potentially underlying mechanisms, including the predominant relaxant effects based on ureteral segment and drug dosage. Smooth muscle contraction is directly caused by an increased calcium concentration, which is caused by two main pathways, including extracellular calcium transport and intracellular storage release.[@b37-dddt-10-1257] Under the condition of spontaneous contractility, ureteric muscle has a baseline frequency, interval, and amplitude of contraction and thus induces a persistent ureteric pressure. An in vivo human study showed that tamsulosin reduced the pressure generation and maintained the baseline frequency in the proximal ureter, while nifedipine seemed to have conflicting effects on contraction frequency and inconsistent ureteric pressure response.[@b38-dddt-10-1257] However, an animal study stated that tamsulosin increased the interval by 27% and decreased the amplitude by 7% in the distal ureter and nifedipine blocked all contractile activities.[@b37-dddt-10-1257] Although both the amplitude and pressure were decreased, tamsulosin and nifedipine were supposed to have distinctly different effects on different ureteral segments. A further study indicated that blockade of 5-methylurapidil would decrease muscle tone by 47% in the proximal and by 65% in the distal ureter and nifedipine would decrease muscle tone by 5% in the proximal and by 33% in the distal ureter.[@b39-dddt-10-1257] The different effects were demonstrated to be dose dependent, such that in all segments, \>10^−6^ M in tamsulosin, or 10^−7^ M in nifedipine, can absolutely block all contractile activities.[@b40-dddt-10-1257]

Implications for clinical practice and limitation of the meta-analysis should be mentioned. In fact, ureteroscopy would be the most valuable treatment for DUS \<10 mm for a long time due to its high success rate.[@b41-dddt-10-1257] However, when applied to appropriate patients with certain predictive parameters as well as their willingness,[@b42-dddt-10-1257] MET, especially tamsulosin, provided a promising opportunity of expelling stones without high invasion and expensive cost, especially when combined with ESWL and other minimally invasive procedures. Besides, it would never influence the further possible surgeries and also would prevent recurrence.[@b31-dddt-10-1257] However, the translation of clinical science into practice still needs more time.[@b43-dddt-10-1257] Limitations were as follows: 1) Participant blinding was hard to realize due to the different usage of the drugs. As outcomes were objectively measured, it would not alert current results. 2) One trial adopted a dose of 0.2 mg for tamsulosin, and three trials adopted a dose of 20 mg for nifedipine.[@b14-dddt-10-1257],[@b15-dddt-10-1257],[@b17-dddt-10-1257],[@b18-dddt-10-1257] Although comparable in each trial and handled by sensitivity analysis, this might still induce a heterogeneity across the trials. And the optimal dose of drugs, especially nifedipine, warranted more researches. 3) Two trials performed a ESWL before MET, and this might induce a little higher expulsion rate in both groups. 4) Stone size had a potential influence on clinical efficacy in MET, and Pickard et al[@b21-dddt-10-1257] included patients with an average stone size \<5 mm as mentioned earlier. 5) Although a comprehensive search was conducted, publication biases may exist as positive studies seemed easier to be published.

Conclusion
==========

In conclusion, tamsulosin showed an overall superiority to nifedipine for DUC \<10 mm in aspects of expulsion rate, expulsion time, and safety. Tamsulosin was supposed to be the first drug to be recommended to patients willing to receive MET.
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![Inverted funnel plot investigating publication bias.\
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###### 

Characteristics of the included RCTs

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                   Case\         Age (T/C, years)              Sex (M/F)   Intervention\   Size (T/C, mm)         Follow-up                       Others    
                                          (T/C)                                                   (T/C)                                                                            
  --------------------------------------- ------------- ----------------------------- ----------- --------------- ---------------------- ------------------------------- --------- ---------------------------------------------------------------------------------
  Porpiglia et al[@b11-dddt-10-1257]      28/30         NR                            NR                          TA/nifedipine 30 mg    5.42/4.7                        4 weeks   Deflazacort 30 mg for all patients

  Dellabella et al[@b12-dddt-10-1257]     70/70         43.8±13.9/41.8±15.4           54/16       51/19           TA/nifedipine 30 mg    7.2±2.4/6.2±1.5                 4 weeks   Antibiotic prophylaxis or anti-inflammatory drugs on demand

  Lü et al[@b13-dddt-10-1257]             60/60         38±13/34±13                   51/9        42/18           TA/nifedipine 30 mg    7.0±2.0/7.0±2.0                 2 weeks   Levofloxacin 0.2 g and 2 L of water daily

  Choi et al[@b14-dddt-10-1257]           32/31         47.9±14.2/45.2±11.1           25/7        26/5            TA 0.2 mg/nifedipine   7.6±1.5/7.3±1.3                 2 weeks   Patients underwent ESWL

  Vicentini et al[@b15-dddt-10-1257]      38/35         47.3±11.5/48.6±10.4           16/22       18/17           TA/nifedipine 20 mg    10 (5--20)/10 (5--20)           4 weeks   Patients underwent ESWL and 200 mg celecoxib, twice daily on demand

  Ye et al[@b16-dddt-10-1257]             1,596/1,593   30.7 (18--48)/34.5 (22--50)   998/598     989/604         TA/Nifedipine 30 mg    5.8 (4.0--7.0)/5.6 (4.2--6.9)   4 weeks   Levofloxacin 0.2 g and 2--2.5 L of water daily

  Liao et al[@b17-dddt-10-1257]           59/53         34 (19--49)                   58/54                       TA/nifedipine 20 mg    6.2±1.2/5.8±1.3                 4 weeks   Quinolone antibiotics used and \>2 L of water daily

  Islam et al[@b18-dddt-10-1257]          32/31         46.6/47.4                     20/12       21/10           TA/nifedipine 20 mg    5.9 (3--10)/6.0 (3.5--10)       4 weeks   Ciprofloxacin 500 mg, twice a day, and 2.5 L of hydration daily

  Gandhi and Agrawal[@b19-dddt-10-1257]   64/64         34±12.8/30.4±11.36            38/26       36/28           TA/nifedipine 30 mg    8.6±2.3/8.9±2.5                 4 weeks   Prednisolone 30 mg/d for 10 days and diclofenac 75 mg intramuscularly on demand

  Balci et al[@b20-dddt-10-1257]          25/25         39.5±12.1/36.4±11.5           18/7        17/8            TA/nifedipine 30 mg    7.1±1.5/6.4±1.1                 4 weeks   50 mg diclofenac sodium and 2--2.5 L of water daily

  Pickard et al[@b21-dddt-10-1257]        383/383       43.1±11.5/42.3±11.0           315/68      317/66          TA/nifedipine 30 mg    4.6±1.6/4.5±1.6                 4 weeks   The need for intervention was agreed

  Zhang et al[@b22-dddt-10-1257]          102/97        34.6±11.4/36.3±9.7            63/29       68/29           TA/nifedipine 30 mg    6.9±1.6/6.8±1.6                 4 weeks   75 mg diclofenac sodium and analgesic therapy on demand
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** Data were presented as median (range) or mean ± standard deviation. Location was distal mean/stones located in juxtavesical or intramural tract. (T) and (C) represent the treatment and control group, respectively.

**Abbreviations:** ESWL, extracorporeal shock wave lithotripsy; F, female; M, male; NR, not reported; RCTs, randomized controlled trial; TA, tamsulosin 0.4 mg/d.

###### 

Subgroup analysis according to diagnosis of complications

  Diagnosis       Case (n/N)   *I*^2^ (%)   Model   RR               *P*-value            
  --------------- ------------ ------------ ------- ---------------- -------------------- -------
  Dizziness       24/127       13/124       80      Random effects   2.08 (0.32, 13.36)   0.44
  Gastric upset   16/476       2/468        73      Random effects   1.64 (0.06, 47.99)   0.77
  Diarrhea        0/476        17/468       0       Fixed effects    0.08 (0.02, 0.42)    0.003
  Hypotension     0/91         2/84         0       Fixed effects    0.31 (0.03, 2.93)    0.31
  Emergency       5/108        12/105       0       Fixed effects    0.41 (0.16, 1.05)    0.06
  Headache        32/451       29/443       0       Fixed effects    1.10 (0.76, 1.59)    0.61
  Fatigue         3/64         0/64         --      --               7.0 (0.37, 132.83)   0.20
  Steinstrasse    5/38         4/35         --      --               1.15 (0.34, 3.95)    0.82

**Abbreviation:** RR, risk ratio.
